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Abstract 


Research activities on carbon nanotubes at NASA-Joh n son Space Center include production, 
purification, characterization and their applications for human space flight. In-situ diagnostics 
during nanotube production by laser oven process include collection of spatial and temporal data 
of passive emission and laser induced fluorescence from C 2 , C 3 and Nickel atoms in the plume 
[1], Details of the results from the “parametric study” of the pulsed laser ablation process 
indicate the effect of production parameters including temperature, buffer gas, flow rate, 
pressure, and laser fluence [2]. Improvement of the purity by a variety of steps in the purification 
process is monitored by characterization techniques including SEM, TEM, Raman, UV-VIS-NIR 
and TGA. A recently established NASA-JSC protocol [3] for SWCNT characterization is 
undergoing revision with feedback from nanotube community. Efforts at JSC over the past five 
years in composites have centered on structural polymer/nanotube systems. Recent activities 
broadened this focus to multifunctional materials, supercapaciotrs, fuel cells, regenerable CO 2 
absorbers, electromagnetic shielding, radiation dosimetry and thermal management systems of 
interest for human space flight. Preliminary tests indicate improvement of performance in most 
of these applications because of the large surface area as well as high electrical and thermal 
conductivity exhibited by SWCNTs, 
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Nanotube Technology Development Areas 
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Electronic & Mechanical Devices, Sensors, and 
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JSC Nanotube Group Activities 
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NAS A- JSC Nanotube Project Progress Details 



a 

XJh 

C 3 

pC 

o 

0-> 


£ 

o 

u 

o 

fl 

c$ 

fl 

o 

Q 

3 

T* 

O 

Ph 


GO 

P 

o 

ts 

■ rH 

c 3 

> 


a> 

4 -» 

- 53 

dn C 

a .a 

• 1— I 

O T 3 
Ph 

*o g 

i-i O 


CO 

<D 


<D 

o 

(73 

§ 


<D . , 

a ^ 

g T 3 
ctf 9 
Ph ^ 

p ^ 

o o 

• T"H H 

t$ ^ 

3 «T 

^■rt vh 

O ^ 
2 £ 
£ a 


CN 

O ^ 
<o § 

a a § 

g « <N 

c 3 73 
— 1 (D o 
4 h ng H 

o o 4 

bJO >< ^ 
a <u w 

' 'H-l T* 


o 

g 

£ 

<D 

GO 

*t 3 

s 

<D 

a 

<3 

§ 

• t-H 

4 h 

O 

CD 

O 

t5 
o 


O 

<D 

O )g 
H <N 


P 

O 

GO 


Oh 


• • • ' 

o o 

rf ^ 

w ro 

<+h 

® o 

a 

CO 

a 

o 

• l-H 

ts 

O 

O 

co 

CO 


x «i— • 
Ph 

o 

H— > 

O 
44 
Ph 


e 

a> 

h-1 

c/3 

£ 

a 

a> 

44 

o 


co 

<D 

4 -» 

GO 

■+—> P 

CO *TH 

>* ° 

13 g 

±i o 

P o 

^ &* 

14 O O 

P O 

*rH c 4 co 

4-» t2 

c 3 ^ -a 

1 h iz C 3 

88 | 

vh P g 

<2 ^5 ° 

H— I 4-H r— H 

>-, S-l 3 

s £ .2 

to a a 

a w ^ 

.1 £ * 

44 ^ > 
O P o 
CD O g 

g ^ Ph 

^ ^ 5 
£ .2 ^ 
2 t« a> 

O Ph^> 



Ph 


s 3 


SWNT Growth Mechanism Workshop 



JSC Nanotube Project Progress Details(ContcL) 
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under tensile stress: Min. breaking strength of 50 GPa 

• Physical Review Letters, Vol. 84, pp. 5552-5555 (June 
2000) 
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AFM image of plate #1 exposed for 0.5 seconds, with inner tube and argon flowing at 100 
seem, a) Individual tube, 1.09 nm diameter, b) Individual tube, 1.17 nm diameter, e) Thin 
bundle, 3.28 nm diameter. 
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High Temperature Annealing in Argon - 500 to 1373 K 
Removed volatile components and amorphous carbon 


JSC Nanotube Characterization protocol 
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Homogeneity information: TGA, TEM and SEM to some extent 

Thermal stability information: TGA 

Dispersability information: Sonication and UV-VIS test 
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Average Stokes shift = 46± 15 cm' 
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Can be used for carbon and 
metal contents. 

Microprobe: Small areas 
for metal estimation.Need 





How do we go about estimating the purity 
of SWNTs at NASA-JSC? 
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NASA-JSC Protocol and Joint NASA / NIST 
Workshop 


e F abrication and Testing 










Characterization of Composites 

Load Transfer in Nanotube Composites 
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JNanotubes In Epoxy - Fracture Surface 






Excellent Wetting of Nanotube Bundle in Epoxy 
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NASA-JSC Director’s Discretionary Funds 
Lockheed Martin ETAC contract 



Carbon Nanntuhe Activities at 

NASA/JSC 
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Proton Exchange Membrane 
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Requirements a PEM Fuel Cell 





Membrane and Electrodes 
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Membrane and Electrodes 
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T for Fuel Cells 
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RCRS - Regenerable C02 Removal 
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heating reverses the reaction, 
removing C0 2 



Heat Exchange Problems with Current 

System 
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Thermal Transport is the Key to Efficient CO 

Removal 
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Nanoscale Materials and Processes 




























Other Analytical Tools: AFM, HPLC, NMR, GC-MS, 
Microprobe, .... 
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However, Nanotubes have s 

5% elongation to failure. c T °max -50-150 GPa 




Quick Calculation 



Rule of Mixtures lOMPa + 76 Mpa = 86 MPa 



Dispersion 
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microscopy? 

Try water-soluble resins with wrapped tubes 
Work with surfactants? 



LIF of Nickel Atoms in Plume 



Imaging Distance from Target (mm) 
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